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Introduction : les maladies ont-elles un sexe ?
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Exploring the origins of sex bias in human disease: 
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La chute de l’homme
Cornelis Cornelisz van Haarlem, 1592

(Rijksmuseum d'Amsterdam)

Female and male health throughout history 
(very brief overview)

What is biological sex?

How is it gene=cally and/or environmentally
established? 

Sexual dimorphism and the many levels we 
understand today

Considera=ons about gender and biological
sex

Implica=ons for human health 
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Examination of a woman who is ill from her womb wandering
You should say of it 'what do you smell?'
If she tells you 'I smell roasting'
You should say of it 'it is wrappings (?) of the womb'
You should treat it by fumigating her with whatever she smells as roast'

Diseases  of Women in Ancient History

Examination of a woman whose eyes are aching till she cannot see, on 
top of aches in her neck:
You should say of it 'it is discharges of the womb in her eyes'.
You should treat it by fumigating her with incense and fresh oil,
fumigating her womb with it, and fumigating her eyes with goose leg fat.
You should have her eat a fresh ass liver

ExaminaCon of a woman aching in her molars, her front, and her ears so 
much that she hears no word
You should say of it 'it is terrors of the womb'.
You should treat it with the same prescripCon used for removing detritus 
of the womb

www.ucl.ac.uk/museums-sta.c/digitalegypt/med/birthpapyrus.html

The Kahun Gynaecological Papyrus (Petrie Medical Papyrus, Kahun Medical Papyrus, 
Lahun Medical Papyrus, or UC32057) is the oldest known medical text in Egypt

Dated circa 1800 BCE
Found at El-Lahun (Faiyum, Egypt)
Currently in Museum of University College London, UK

of the existence of a female medicine in Ancient Egypt. Even though there is no real
prognosis proposed, it contains description of diseases linked back to the womb:
“Examination of a woman whose eyes are aching till she cannot see, on top of aches in her

The wondering womb...
From ancient Egypt and Greece, the ailments of women were almost always attributed to the uterus
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The wondering womb...

Plato called the uterus an animal within an animal and argued 
that it was a major cause of young women's health problems. If 
it was deprived of sexual ac=vity or was barren for too long, the 
disgruntled uterus would exit the pelvic basin in search of 
sa=sfac=on. In doing so, it would wreak havoc on other organ 
systems. 
As Plato stated in Timaeus: In females, what is called the womb 

The Wandering Womb: A Cultural History of Outrageous Beliefs About Women
Lana Thompson 1999

Plato in the Timaeus, defined  the female uterus 
as “an animal eager to procreate.” “If it remains 
without producing fruit for a long time,” added 
the philosopher, “it becomes irritated and angry; 
it wanders throughout the body, closes the 
passage to the air, prevents breathing, puts the 
body in extreme danger, and engenders a 
thousand diseases.” 

For the ancient Greeks, the womb was the 
source of all ailments 

Aristotle held that a woman was a “deformed” or 
“mutilated” male “

Diseases  of Women in Ancient History

Hippocrates (460-377 BC)  taught that the womb 
wandered around in a woman's body, causing disease 
as a consequence of its impact on other Qssues. 

He was the first to introduce the term “Hysteria” and 
described it as the consequence of a dry womb rising 
toward the throat searching for humidity, thereby 
impeding breathing. In his treaQse on women’s 
diseases to hysterical suffocaQon, he referred globus 
hystericus that appeared when the uterus migrated to 
the upper part of the abdomen in search of fluid.
The neurotoxic effects of the “frustrated uterus” would 
affect widows and virgins.

“[I]n such situaCons, the uterus dries up and loses weight and in its 
search for moisture, rises toward the hypochondrium, thus impeding 
the flow of breath which was supposed normally to descend into the 
abdominal cavity. If the organ comes to rest in this posiCon, it causes 
convulsions similar to those of epilepsy."

Hulton Archive/Ge=y Images
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The wondering womb
The Greek physician Galen wrote that "the 
man is more perfect than the woman, [who 
is] less perfect than the man in respect to 
the generative parts." He proposed that the 
uterus was an interior scrotum

He noted that while the womb may seem to 
be moving, it’s actually the tension of the 
membranes that hold it in place that pull it 
up slightly. The problem, he claimed, was 
the “suffocation” of the womb by a build up 
of menstrual blood or, even worse, the 
female version of “seed” that mixed with 
male sperm. Retained seed would proceed 
to rot and produce vapors that corrupt the 
other organs.

"The parts were formed within her when she was sQll 
a fetus, but could not, because of the defect in the 
heat, emerge and project on the outside." Galen went 
on to explain that because of this lack of heat, the 
would-be scrotum remained inside, which meant that 
women had semen just like men, but if they went 
without sex for too long, the "seed" would 
accumulate and cause hysteria. Women
who had long been accustomed to sexual acQvity 
were parQcularly suscepQble to this repression of 
germinal ma\er or spoiled seed. Ostensibly, marriage 
guaranteed sexual acQvity for uteruses, young and old 
alike. 

As Galen himself put it, "You ought not to think that 
our Creator would purposely make half the whole 
race imperfect and, as it were, muQlated, unless there 
was some great advantage in such a muQlaQon."

Diseases of Women in History

Physicians prescribed all kinds of treatments for a wayward womb. Eg
sweet-smelling vaginal suppositories and fumiga=ons to tempt the uterus 
back to its righHul place. The Greek physician Atreaus wrote that the 
womb “delights…in fragrant smells and advances towards them; and it has 
an aversion to foe=d smells, and flees from them.” Women were also 
advised to ingest disgus=ng substances—some=mes containing repulsive 
ingredients such as human or animal excrement—in order to coax the 
womb away from the lungs and heart. 
In some cases, physical force was used to correct the posi=on of 
a wandering womb. 

For the single woman suffering from 
hysteria, the cure was simple: marriage, 
followed by children. 
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The womb as the cause of psychological dysfunction

Diseases of Women in History

Medieval medical pracQQoners believed the uterus to 
be a disQnctly female organ that caused a host of 
specifically female diseases.

"The uterus is called also matrix because it is the 
mother of all," wrote John Moir in 1620.

In the 1700s, the theorized cause of hysteria began 
to shie from the womb to the brain. they were very 
much to blame for the ostensible irraQonality of 
women. Over the course of several thousand years, 
the womb had become less and less of a way to 
explain physical ailments, and more and more of a 
way to explain psychological dysfuncQon.

Even through to the 19th century, countless cures for 
haywire wombs were peddled including hypnosis,
blasQng a woman’s abdomen with jets of water...
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Diseases of Women from Ancient History to Modern times

ISBN: 0-309-51190-9 (2001)

The Wandering Womb: A Cultural History of Outrageous Beliefs About 
Women, Lana Thompson 1999



E. Heard, March 6th 2023

Ellis H. “Man and woman: a study of human secondary sexual 
characters” vol. 24. London: Walter ScoM; 1911.

Man and Woman : a Study of Human Secondary Sexual Characters



What is Biological Sex?

E. Heard, March 6th 2023

Biological sex, strictly defined means the “gameQc” sex
and not secondary sexual characterisQcs, although the 
definiQon has drieed in recent years

Many species including humans have two, disQnct 
biological sexes, disQnguished by the way that they 
package their DNA into ‘gametes’ : the sex cells that 
merge to make a new organism. 

Males produce small mobile gametes, females produce 
large and generally immobile gametes. 

Male and female gametes are very different in structure, 
as well as in size (human sperm and eggs, worms, flies, 
fish, molluscs, trees, grasses etc)

Different species manifest the two sexes in different ways

Different species determine sex in different ways

Whether one is entering into military service, 
seeking identity documents, or participating in 
sports, the categorisation of bodies according to 
“sex” is central to the organisation of society. 
Who is categorised as a woman and who is 

For a century, scientists studied an array of human
characteristics that inform our ideas of what makes someone
a woman or a man, seeking to pin down a single, definitive
biological indicator of sex. Bodies troubled these schemes
and socially untenable categorisations ensued. If gonads
were understood as the essence of sex, women who were

F. Saborido-Rey, in Encyclopedia of Ocean Sciences (Third Edi;on), 2016

); while 
or eggs)

Anisogamy, or the size differences of gametes (sex cells), is in fact 
the defining feature of the two sexes.

According to evolutionary biologist, Michael Majerus there is no 
other universal difference between males and females

https://www.sciencedirect.com/referencework/9780128130827/encyclopedia-of-ocean-sciences
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Sexual Reproduction and Anisogamy (in humans)

Sexual Reproduction:
• The mixing of genomes via meiosis and the 

fusion of gametes, at fer(lisa(on
• Nearly universal to eukaryo?c life 
• Encompasses a diverse array of systems 

and mechanisms

Meiosis
The process results in 4 daughter cells

- daughter cells are haploid (N)
- have unique combina=ons of 

chromosomes
- do not have homologous pairs

Meiosis => gametes (sperm and eggs)

Genetic variation produced  
by recombination

Offspring with a new 
and unique mixture 
of genetic material 
from two different 

(male and female) sex 
cells.

NN

2N

2N

2N

Voir COURS I 2018



Sex Determination

Multiple Strategies: genetic and non-genetic 
Non-genetic (ie no DNA sequence difference between the sexes) 
can be environmental, temperature-dependent, epigenetic… 
GeneDc
Sex determining locus or loci – can lead to evoluDon of sex 
chromosomes
Mixed: genetic and non-genetic or even epigenetic
Sex chromosomes and environmental sex determination
Eg many fish, plants…

Many animals and some plants have sex chromosomes. In these 
species, sexual development is decided from a major sex-

E. Heard, March 6th 2023

Males and females can exist in the same organism (hermaphrodites eg
plants, worms and many others) or as separate organisms (eg mammals)
While the evolution of anisogamy led to the evolution of male and female 
functions, the evolution of separate sexes is not inevitable across lineages.



There are many ways to evolve sex determination

• Sexual reproduction is an ancient 
feature of life on earth

• Sex determination of males and 
females occurs via a diversity of 
mechanisms, evolving rapidly

• However - diversity in primary sex-
determining signals is coupled with 
conserved molecular pathways that 
trigger male or female development.

Bachtrog lab, Plos Genet 2014E. Heard, March 6th 2023

Voir COURS I 2018



Human Sex Determination
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• In humans, sex is determined by the sex chromosomes (XX 
females, XY males). 

• They originated from a set of autosomes during the early 
evolution of mammals.

• Restriction of recombination followed by gene loss on the Y 
resulted in the morphological differentiation of sex chromosomes 
(COURS 2018)

• The vast majority of genes on the sex chromosomes are not 
directly involved in sex determination, and development as a 
(gametic) male or female depends on the presence/absence of a 
master sex-determining locus, the Sry gene, on the male-limited Y 
chromosome. 

• Expression of Sry early in embryonic development initiates testis 
differentiation by activating male-specific developmental 
networks, while in its absence, ovaries develop. 

• The first visible signs of sexual differentiation of the ovary and 
testis occur by the sixth week of gestation in humans and sex 
hormones initiate further sexual differentiation in nongonadal 
tissues and organs. When this developmental process is disrupted, 
this can lead to ambiguous external genitalia (upto one in 4,500 
infants) to sterility (which is more cryptic and difficult to diagnose 
but more common).       See COURS II  2023



Human Sex Chromosomes

Fang et al, 2021

• Humans normally have 46 chromosomes: 23 pairs, one set from each parent
• Plus 1 pair of sex chromosomes, the X and the Y or the inactive X and the active X
• The other chromosomes are numbered 1-22
• A  person with 2 X chromosomes (46, XX) is considered female
• A person with an X and a Y (46, XY) is considered male
• The sex chromosomes lead to dramatic differences in gene content and expression
• To accommodate this imbalance, dosage compensation mechanisms have evolved
• X-chromosome inactivation is the process that leads to silencing of almost all genes on 

one X in individuals with more than one X 
• Sex chromosomes evolve as a consequence of sexual reproduction (enabling sex 

determination and gonad differentiation) 
• However their genes also influences non-gonadal tissues with implications for diseases 

X: >1000 genes
Y: ~100 genes  
Sry (tesFs determinant factor)
Eif2s3y (spermatogenesis)

COURS 2018

COURS 2023



Lyon, M. F. (1961), Gene Action in the X-chromosome of the 
Mouse (Mus musculus) L. Nature 190: 372-3.

Mammalian X-chromosome inactivation

Random XCI
Females are mosaics for X-linked gene expression

Females are mosaics for X-linked traits

Xa Xi Xa Xi

Random XCI Cellular Memory

Both Xs active

Phenotypic variation within the 
same individual…

Mary Lyon 
(1929-2014)

Essen%al process of sex chromosome dosage compensa%on and a paradigm of  epigene%cs 
Differen%al expression of almost all genes on one of the two X chromosomes in females 

A significant no.of genes on the Xi can escape silencing, leading to varia%ons in protein dosage

Sry (testis determinant factor)
Eif2s3y (spermatogenesis)

E. Heard, March 6th 2023
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Carrel and Willard (2005) Nature 434, 400-404 

Escape from XCI in females: an added layer of cellular mosaicism in 
X-linked gene expression

In humans, up to 25% of X-linked genes can 
escape from X inactivation!

10% of these escape constitutively
15% of these genes show variability between 
individuals – and tissue specificity

Huntington Willard – 2005:
“Genetically speaking, if you've met one man, you've met them all. 
We are, I hate to say it, predictable. You can't say that about women. 
Men and women are farther apart than we ever knew. It's not Mars or Venus. 

Everyone is unique: females even more so…

• Escape may underlie sex chromosome dosage effects in several sex-biased 
diseases  (metabolic, immune and neurological phenotypes, cancer) 

• Some escapees are clearly implicated in triggering these disease 
• Some escapees provide therapeu?c poten?al (eg Mecp2 in ReH’s syndrome)

Balaton et al., Trends in Genetics 2016.

E. Heard, March 6th 2023
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Human Sex Determination

Many animals and some plants have sex chromosomes. In these 
species, sexual development is decided from a major sex-
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• In humans, sex is determined by the sex chromosomes (XX 
females, XY males). 

• They originated from a set of autosomes during the early 
evoluZon of mammals.

• RestricZon of recombinaZon followed by gene loss on the Y 
resulted in the morphological differenZaZon of sex chromosomes 
(COURS 2018)

• The vast majority of genes on the sex chromosomes are not 
directly involved in sex determinaZon, and development as a 
(gameZc) male or female depends on the presence of a single 
master sex-determining locus, the Sry gene, on the male-limited Y 
chromosome. 

• Expression of Sry early in embryonic development iniZates tesZs 
differenZaZon by acZvaZng male-specific developmental 
networks, while in its absence, ovaries develop. 

• The first visible signs of sexual differenZaZon of the ovary and 
tesZs occur by the sixth week of gestaZon in humans and sex 
hormones iniZate further sexual differenZaZon in nongonadal 
Zssues and organs. When this developmental process is disrupted, 
this can lead to ambiguous external genitalia (up to one in 4,500 
infants) to sterility (which is more crypZc and difficult to diagnose 
but more common).       See COURS II  2023
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Primary Sex Determination

Kenichi Kashimada, Peter Koopman
Development 2010 137: 3921-3930; doi: 10.1242/dev.048983 

NB It is not the primordial germ cells which respond to SRY presence 
or absence, but the supporting cells within the developing gonad.

• We know the most about how sex determina=on works in mice. At the bipoten=al stage, the transcriptomes of cells in both the
XX and XY gonad are nearly iden=cal and biased towards a female fate. Analysis in XY gonads reveals a poised state in which a
male and a female sub-network are opera=ng simultaneously.

• In individuals with a Y chromosome, expression of SRY in the soma=c suppor=ng cell lineage leads to ac=va=on of its
immediate downstream target Sox9..

• SOX9 acts in a feedforward loop with fibroblast growth factor 9 (FGF9), whose primary role is to repress Wnt4 and the female



Primary Sex Determination mapped at the single cell level

Human–mouse harmonized 
single-cell atlases of gonadal 
and extragonadal tissue

First, we describe ESGCs, a bipotent transient population whose numbers 
peak at the time of sex determination and
that connects the coelomic epithelium with Sertoli cells and the first
wave of pregranulosa cells. Accordingly, ESGCs are the first cells to
express the testis-determining factor SRY in XY gonads and, in humans,
express stem-cell markers such as TSPAN8 and LGR5. For the first time,
to our knowledge, these markers uniquely expressed by the bipotent



Human Sex Determination

Many animals and some plants have sex chromosomes. In these 
species, sexual development is decided from a major sex-

E. Heard, March 6th 2023

Three levels of Sexual Development:
1 – Chromosomal sex (presence/absence of a Y
chromosome
2 - Gonadal sex (primary sex determinaUon):
whether the gonads develop as testes or
ovaries depends on presence or absence of SRY
3 – Phenotypic sex (secondary sex 
determinaUon) which refers to an individual's 
sex as determined by their internal and 
external genitalia, expression of secondary sex 
characterisUcs, and behavior.



Sex Determination and Sexual Differentiation

E. Heard, March 6th 2023
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Gonadal sex phenotype can switch even in adulthood

• Recent studies in mice have provided evidence that it is possible for the gonadal sex phenotype to be 
switched even in adulthood. 

• Two key genes, doublesex and mad-3 related transcripZon factor 1 (Dmrt1) and forkhead box L2 (Foxl2), 
funcZon in a Yin and Yang relaZonship to maintain the fates of testes or ovaries in adult mammals

• MutaZons in either gene have a dramaZc effect on gonadal phenotype (female to male sex reversal in 
adult Dmrt1 Tg mouse; in humans, deleZon of Ch9p with Dmrt1->XY male-to-female sex reversal. 

• Thus, adult gonad maintenance in addiZon to fetal sex determinaZon may both be important for ferZlity. 



Delicate balance between male and female signaling pathways during sex 
development both in embryogenesis and adult

Lifelong antagonistic signaling pathways occurring throughout the adult life 
of both sexes have not yet been fully characterized 

Gonadal sex phenotype can switch even in adulthood
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EvoluNon of geneNc mechanisms of sex determinaNon led to TWO PROCESSES causing sex 
differences in somaNc phenotypes: gonadal differenNaNon and sex chromosome dosage 
inequality. 

Gonadal differenNaNon: emergence of sex-chromosome-encoded geneNc mechanisms 
determining the differenNaNon of a tesNs or ovary from the early gonad, leading to sex 
differences caused by different levels of gonadal hormones in the two sexes. 

The second event was the evoluNon of heteromorphic sex chromosomes resulNng in an 
inherent XX vs. XY difference in expressed doses of X and Y genes, which are incompletely 
compensated by X inacNvaNon and other balancing mechanisms. 

In parNcular, the evoluNon of sexual disparity of X-chromosome number led to major sex-
specific adjustments in gene expression and in cross talk between sex chromosomes and 
autosomes. 

In species with heteromorphic sex chromosomes, the sex of the individual is established at the Zme of 
formaZon of the zygote, leading to inherent sex differences in expression of sex chromosome genes 
beginning as soon as the embryonic transcriptome is acZvated. 

The inequality of sex chromosome gene expression causes sexual differenZaZon of the gonads and of non-
gonadal Zssues. 

The difference in gonad type in turn causes lifelong differences in gonadal hormones, which interact with 

Non-gonadal tissue sex phenotypes 

Arthur P. Arnold (UCLA)

“From the moment of our conception, each of us has a sex. Sex has a major role in determining the 
physical attributes of our bodies, the structure of our brains, our behavioral tendencies, our 
susceptibility and reaction to diseases, the environment in which we grow up, our place in society, 
the attitudes of others towards us, and our conception of self. Although sex may be considered to be 
determined primarily biologically, our gender (i.e. the social perception and implications of our sex) 
is arguably equally or more important for our lives. Sex and gender differences are created by an 
intricate reciprocal interaction of numerous biological and environmental forces.”
AP Arnold 2010

For the last 50 years, students have been taught that outside the gonads — where sperm and eggs 
are produced — cells with XX and XY pairs are functionally equivalent because there is nothing on 
the X or Y chromosome that acts outside the testes. They’ve been taught that hormones secreted by 
the testes and the ovaries, where eggs are produced, are entirely responsible for making the body 
more masculine or feminine. 
However we now know that there are intrinsic biochemical differences between XX and XY cells that 
affect tissues and organs across the entire body and have a significant impact independent of sex 
hormones. And medical practitioners must understand these differences to properly treat their 
patients. 
D Page 2016
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In species with heteromorphic sex chromosomes, the sex of the individual is established at the Zme of 
formaZon of the zygote, leading to inherent sex differences in expression of sex chromosome genes 
beginning as soon as the embryonic transcriptome is acZvated. 

The inequality of sex chromosome gene expression causes sexual differenZaZon of the gonads and of non-
gonadal Zssues. 

The difference in gonad type in turn causes lifelong differences in gonadal hormones, which interact with 
unequal effects of X and Y genes acZng within cells. 

SeparaZng the effects of gonadal hormones and sex chromosomes is possible using animal models in which 
gonadal determinaZon is separated from the sex chromosomes, allowing comparison of XX and XY mice 
with the same type of gonad. 

Sex differences caused by gonadal hormones and sex chromosomes affect basic physiology and disease 
mechanisms in most or all Zssues.

Non-gonadal tissue sex phenotypes 

Arthur P. Arnold (UCLA)

COURS II March 13th
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The impact of sex on gene expression across tissues

• Sex affects gene expression and its gene=c regula=on across =ssues. 
• Sex effects on gene expression were measured in 44 GTEx human =ssue sources and 

integrated with genotypes of 838 subjects. 
• Sex-biased expression is present in numerous biological pathways and is associated 

to sex-differen=ated transcrip=onal regula=on. 
• Sex-biased expression quan=ta=ve trait loci in cis (sex-biased eQTLs) are par=ally 

mediated by cellular abundances and reveal gene trait associa=ons.

Oliva et al., Science 369, 1331 (2020)

• Many complex human phenotypes exhibit sex differenFated 
characterisFcs. 

• The molecular mechanisms underlying these differences 
remain largely unknown. 

• A catalog of sex differences in gene expression and in the 
geneFc regulaFon of gene expression across 44 human Fssue 
sources surveyed by the Genotype-Tissue Expression project 
(GTEx, v8 release). 

• Sex influences gene expression levels and cellular composiFon 
of Fssue samples across the human body. 

• A total of 37% of all genes exhibit sex-biased expression in at 
least one Fssue. 

• IdenFfed cis expression quanFtaFve trait loci (eQTLs) with sex-
differenFated effects and characterized their cellular origin. 

• IintegraFng sex-biased eQTLs with genome-wide associaFon 
study data, we idenFfy 58 gene-trait associaFons that are 
driven by geneFc regulaFon of gene expression in a single sex. 

• These findings provide an extensive characterizaFon of sex 
differences in the human transcriptome and its geneFc 
regulaFon.



Biological Sex and Gender Definitions

Another confusion of “sex” is with “sexual differentiation” or the developmental 
processes that lead to the expression of the biological sex (Figure 1). The 
development of an individual is characterized by complex interactions 
between genes, environment, and feedback mechanisms within the 

Money established the Johns Hopkins Gender Identity Clinic in 1965 along with Claude Migeon who was the head of 
paediatric endocrinology at Johns Hopkins. The hospital began performing sexual reassignment surgery in 1966, and was 
the first clinic in the United States to do so.[3][17][18] At Johns Hopkins, Money was also involved with the Sexual Behaviors

E. Heard, March 6th 2023

• The terms “sex” and “gender” are used inconsistently and 
interchangeably in research on health. 

• Sex refers to the biological disZncZons between males and 
females, most ojen in connecZon with reproducZve funcZons.

• Gender emphasizes the socially constructed differences between 
men and women that give rise to masculinity and femininity.

• Intersex traits seem to affect between 1% and 2% of humans at 
birth.

• Millions of individuals do not conform to the two “sexes” or 
types that characterize the immense majority of humans, namely 
the female type (two X chromosomes, ovaries, anatomical 
features favoring pregnancy and fetal development etc) and the 
male type (one X and one Y chromosome, a penis and tesZcles, 
internal ducts for the transportaZon of urine and sperm etc.).

• The diversity of forms of sexual development and the atypical 
types that occur are striking, whether of chromosomal, 
hormonal or environmental origin (caused by chemical products 
that disturb the endocrine system or by drugs taken during 
pregnancy, for instance).

See  “How Many Sexes Are There?
P Testard Vaillant (CNRS

https://en.wikipedia.org/wiki/Claude_Migeon
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money


Biological Sex and Gender Definitions

Another confusion of “sex” is with “sexual differentiation” or the developmental 
processes that lead to the expression of the biological sex (Figure 1). The 
development of an individual is characterized by complex interactions 
between genes, environment, and feedback mechanisms within the 

Money established the Johns Hopkins Gender IdenUty Clinic in 1965 along with Claude Migeon who was the head of 
paediatric endocrinology at Johns Hopkins. The hospital began performing sexual reassignment surgery in 1966, and was 
the first clinic in the United States to do so.[3][17][18] At Johns Hopkins, Money was also involved with the Sexual Behaviors
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The term gender can be applied to individual differences, 
as well as to cultural, institutional, structural differences. 

In the 1970s, feminist scholars promoted use of the term 
gender to draw attention to the reality that not all 
differences between men and women could be explained 
by biology. 

This distinction allowed scholars to counter academic and 
popular portrayals of the differences between men and 
women as natural, and by extension, immutable.

Biomedical and social scientists are increasingly calling 
binary biological sex into question, arguing that sex is a 
graded spectrum rather than a binary trait. The current 
uses of the term Biological Sex can thus be confusing!

Oxford English Dictionary: sex "tends now to refer to 
biological differences, while gender often refers to cultural 
or social ones.”

World Health Organization (WHO): "'sex' refers to the 
biological and physiological characteristics that define 
men and women" and that "'male' and 'female' are sex 
categories"

https://en.wikipedia.org/wiki/Claude_Migeon
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money


Sex is real: Yes, there are just two 
biological sexes. No, this doesn’t mean 
every living thing is either one or the other

Paul Griffiths

E. Heard, March 6th 2023

The idea that there are more than two biological sexes 
is not as recent as you imply (Nature 518, 288–291; 2015). It 
emerged in the early 1990s after feminist critics of science joined forces with an 
intersex activist movement. Their aim was to prevent reinforcement of the artificial 
two-sex construct by reforming the practice of surgical intervention (see, for 
example, A. Fausto-Sterling The Sciences 33, 20–24 (1993) and S. J. Kessler Lessons 
from the Intersexed Rutgers Univ. Press, 1998).
These groups pointed out that science is not isolated from society: ideas that 
stimulate understanding travel into the lab from street activists, literature and 
varied scholarship, and move back out again. As a result of their efforts, research 
scientists were pushed into visualizing the previously invisible.
Anne Fausto-Sterling Brown University, Providence, Rhode Island, USA.
anne_ fausto-sterling@brown.edu

(Nature 518, 288–291; 2015). 

Biological Sex and Gender Definitions

https://aeon.co/users/paul-griffiths


DSD

E. Heard, March 6th 2023 Ref. Scientific American



Biological Sex and Gender Definitions

Another confusion of “sex” is with “sexual differentiation” or the developmental 
processes that lead to the expression of the biological sex (Figure 1). The 
development of an individual is characterized by complex interactions 
between genes, environment, and feedback mechanisms within the 

Money established the Johns Hopkins Gender IdenUty Clinic in 1965 along with Claude Migeon who was the head of 
paediatric endocrinology at Johns Hopkins. The hospital began performing sexual reassignment surgery in 1966, and was 
the first clinic in the United States to do so.[3][17][18] At Johns Hopkins, Money was also involved with the Sexual Behaviors
Unit, which ran studies on sex-reassignment surgery. 

E. Heard, March 6th 2023

https://en.wikipedia.org/wiki/Claude_Migeon
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/John_Money
https://en.wikipedia.org/wiki/Sex-reassignment_surgery


Biological Sex and Gender Definitions

Another confusion of “sex” is with “sexual differentiation” or the developmental 
processes that lead to the expression of the biological sex (Figure 1). 
development of an individual is characterized by complex interactions 
between genes, environment, and feedback mechanisms within the 
developing organism (very cogently summarized by Ref.[37]). During these 
processes a lot can happen that makes the organism diverge from the usual path 
(thereby creating diversity which evolution can act upon), but this does not 
question the biological definition of sex. 

“While we fully endorse efforts to create a 
more inclusive environment for gender-
diverse people, this does not require denying 
biological sex. On the contrary, the rejecIon 
of biological sex seems to be based on a lack 
of knowledge about evoluIon and it 
champions species chauvinism, inasmuch as 
it imposes human idenIty noIons on 
millions of other species. We argue that the 
biological definiIon of the sexes remains 
central to recognising the diversity of life. 
Humans with their unique combinaIon of 
biological sex and gender are different from 
non human animals and plants in this 
respect. “



Biological Sex and Gender

E. Heard, March 6th 2023

Gender Medicine: effects of sex annd gender in cardiovascular disease



Why are the two sexes different?

E. Heard, March 6th 2023

• In “The Descent of Man, and Selection in Relation to Sex” (1871) Darwin described in detail  the mechanism of sexual selection
• He described this form of selection as being based on the advantages some individuals have over others of the same species and 

sex, exclusively when it came to reproduction. 
• He also suggested that it involved two processes: male-male competition and female choice. This theory is used to explain 

phenomena like sexual dimorphism – when each sex of a species looks distinctly different – and other differences between the sexes 
like behaviour. 

• Darwin attempted to distinguish between the sexes, describing females as being more choosy and passive than males when it comes 
to mate choice, and that ‘exceptions’ to this were rare. 

• These differences in behaviour were believed to explain the development of characteristics that increase the reproductive success of 
males such as body size, behaviour and ornamentation- to attract females

See also COURS I, 2018Sexual Dimorphism and Sexual Selection 



Mate choice, sexual selection, and what Darwin didn’t see....

E. Heard, March 6th 2023

Sexual Dimorphism and Sexual Selection 

Sex is a graded spectrum, not 
necessarily binary or dimorphic

Cells of an Organisms also have a Sex:
• Biological differences between the sexes are also at the 

biochemical and cellular levels. 
• The genetic and molecular bases of a number of sex-

based differences in health and human disease, are 
emerging and some are  due to sexual genotype: XX in the 
female and XY in the male. 

• Genes on the sex chromosomes can be expressed 
differently between males and females due to presence of 
either single or double copies of genes and other 
phenomena: different meiotic effects, X-chromosome 
inactivation, genetic imprinting...

• The genetic identity of a cell of course interacts with the 
hormonal and external environment too...
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Sexual Dimorphism and Sexual Selection 
Mate choice, sexual selection, and what Darwin didn’t see....

Cells of an Organisms also have a Sex due to sex 
chromosome and hormonal influences:
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Biomedical science has shown a strong sex bias and blindness to sex

“How do we know that research that's primarily done on 
young, White, healthy males can be extrapolated to 
women?” 
President of the Society for Women's Health Research in Washington, DC, 
USA, in 2011. 

ScienNfic funding bodies, researchers, and journals have 
dramaNcally stepped up their commitments to including 
sex as a variable in biological research. 
Are we sure that sex really is so significant in all aspects of 
health research? 
What evidence do we have that the biological differences 
between men and women are profound even in the areas 
in which our anatomies are similar?

Why the preoccupation with Sex? Angela Saini. Perspectives|The
art of medicine Volume 400; 10364, 1674-1675, 2022

https://www.thelancet.com/journals/lancet/issue/vol400no10364/PIIS0140-6736(22)X0046-9
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Human Health and Sex Bias in Disease

ISBN: 0-309-51190-9 (2001)
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Human Health and Sex Bias in Disease

ISBN: 0-309-51190-9 (2001)



Hormones and genes involved

Sex Bias in Disease

Most clinical trials in the past have been carried out only on 
men – medicaUon doses are typically adjusted for paUent 

size and women are simply “small men”

Up to 6,000 genes (of 23,000 total in humans), are 
differenUally expressed in men and women, due to 

hormones and genes on the X and Y.

Klein and Flanagan, Nat Rev Immunol, 2016

E. Heard, March 6th 2023

• Females excluded from drug trials : The 1977 US Food and Drug Administration (FDA) 
guidelines advised that women of childbearing potential be excluded from drug trials

• Most clinical trials in the past carried out only on men – medication doses were typically 
adjusted for patient size and women were simply “small men”

• Personalized medicine to define targets for more effective prevention and treatment of 
disease: sex clearly influences human physiology,  innate and adaptive immune responses, 
infectious and autoimmune diseases, malignancies, and vaccines. 

To achieve effecUve treatment for all individuals in the era of precision medicine: 
Men and women will have to be treated differently, 

in order to be protected equally.
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Sexual Dimorphism and Human Health

Cancer

Sex differences in paMerns of soma=c muta=ons including point muta=ons and copy 
number changes associated with many types of cancer, which may be related to sex biases 
in DNA mismatch repair or microsatellite instability

Significant sex differences in gene regula=on due to sex chromosomes
Protec=on from some cancers in females due to the presence of two X chromosomes 
(EXITS) 
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Sexual Dimorphism and Human Health

Osteoporosis
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Sexual Dimorphism and Human Health

Autoimmune Disease
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Sexual Dimorphism and Human Health

The Brain
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Sexual Dimorphism and Human Health

The Heart
The genetic and hormonal differences between females and males 
allow for the female cardiovascular system to adapt to changes 
necessary to sustain a viable foetus, including increases in blood 
volume, autonomic regulation of blood pressure, and cardiac 
dynamics, i.e. general cardiovascular function. 

Given these basic genetic and hormonal influences on all cells of the 
cardiovascular system including vascular endothelium, vascular 
smooth muscle, adventitial cells, cardiac myocytes, and adrenergic 
and parasympathetic nerves (indeed, ‘every cell has a sex’4), should 
we not expect to find sex differences in incidence, prevalence, 
morbidity, and mortality in cardiovascular disease between females 
and males?
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Sexual Dimorphism and Human Health

The Heart

changes necessary to sustain a viable foetus, including increases 

incidence, prevalence, morbidity, and mortality in cardiovascular 
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Sexual Dimorphism and Human Health

Ageing

Abbreviations: AD, Alzheimer’s disease; COPD, chronic obstructive pulmonary disease.

Overview of the most significant sex differences in age-related diseases, funcNoning and frailty. 

Hagg and Jylhava. eLife 2021;10:e63425. DOI: hhps://doi.org/10.7554/eLife.63425



H. Salje et al, Science 2020

0.001%  8.3%

Courtesy of Alain Fischer
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Sexual Dimorphism and Human Health

Infec9ous Disease
COVID-19 French data / Données françaises
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Sexual Dimorphism and Human Health

Infectious Disease COVID-19 outcomes
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Sexual Dimorphism and Human Health

Lifespan
Women live longer than men around the world, regardless of culture or socioeconomic status 

UnitedNations (2015). World Population Ageing 2015. United Nations,
Department of Economic and Social Affairs, Population Division (ST/
ESA/SER.A/390), 1–164.
Zarulli, V., Barthold Jones, J. A., Oksuzyan, A., Lindahl‐Jacobsen, R., Christensen,
K., & Vaupel, J. W. (2018). Women live longer than men even
during severe famines and epidemics. Proceedings of the National
Academy of Sciences of the United States of America, 115(4), E832–
E840. https://doi.org/10.1073/pnas.1701535115

Life expectancy higher for women in all EU regions 
On the occasion of World Children´s Day on 20th November 2022, Eurostat highlights data on life expectancy at birth  which is 
the average number of years a newborn is expected to live based on current mortality rates across people of all ages.
In 2020, life expectancy of a female newborn in the EU was 83.2 years, 5.7 years higher than for a male newborn (77.5 years).

Data shows that life expectancy is higher for women than for men in every single region of the EU. In 2020, the highest levels of 
life expectancy at birth for females were in the French island region of Corse (87.0 years). More generally, newborn girls in 
Spanish, French and Italian regions were expected to live longest.

UnitedNaNons, 2015; Zarulli et al., 2018

A well-known story concerns the Donner Party, a group of settlers that lost twice as many men as women
when stranded for 6 mo in the extreme winter in the Sierra Nevada mountains (13). While accounts like this 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Death
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Sexual Dimorphism and Human Health

Lifespan
Women live longer than men around the world, regardless of culture or socioeconomic status 

UnitedNations (2015). World Population Ageing 2015. United Nations,
Department of Economic and Social Affairs, Population Division (ST/
ESA/SER.A/390), 1–164.
Zarulli, V., Barthold Jones, J. A., Oksuzyan, A., Lindahl‐Jacobsen, R., Christensen,
K., & Vaupel, J. W. (2018). Women live longer than men even

Life expectancy is increasing 
On the occasion of World Children´s Day on 20th November 2022, Eurostat highlights data on life expectancy at birth  which is 
the average number of years a newborn is expected to live based on current mortality rates across people of all ages.
In 2020, life expectancy of a female newborn in the EU was 83.2 years, 5.7 years higher than for a male newborn (77.5 years).

Data shows that life expectancy is higher for women than for men in every single region of the EU. In 2020, the highest levels of 
life expectancy at birth for females were in the French island region of Corse (87.0 years). More generally, newborn girls in 
Spanish, French and Italian regions were expected to live longest.

UnitedNaNons, 2015; Zarulli et al., 2018

A well-known story concerns the Donner Party, a group of settlers that lost twice as many men as women
when stranded for 6 mo in the extreme winter in the Sierra Nevada mountains (13). While accounts like this 

Horizontally the chart shows a staggering increase in the propor=on of people over 65. From represen=ng only 5 percent of the 
popula=on in 1950 to 9 percent today, this cohort is expected to reach 23 percent by 2100. Suppor=ng this popula=on shiq will 
require profound changes in policies, ins=tu=ons, and prac=ce. 

VerCcally , however, the chart tells a different story, highligh=ng not aging, but longevity. From this perspec=ve, children born 
today have much more =me ahead of them than past genera=ons. The likelihood of living into old age has increased, as has the 
peak of the pyramid, changing what cons=tutes “old.”

Andrew ScoD, InternaGonal 
Monetary Fund March 2020UN World PopulaGon Prospects, 2022

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Death


E. Heard, March 6th 2023

Sexual Dimorphism and Human Health

Lifespan
Women live longer than men around the world, regardless of culture or socioeconomic status 

UnitedNations (2015). World Population Ageing 2015. United Nations,
Department of Economic and Social Affairs, Population Division (ST/
ESA/SER.A/390), 1–164.
Zarulli, V., Barthold Jones, J. A., Oksuzyan, A., Lindahl‐Jacobsen, R., Christensen,
K., & Vaupel, J. W. (2018). Women live longer than men even
during severe famines and epidemics. Proceedings of the National
Academy of Sciences of the United States of America, 115(4), E832–
E840. https://doi.org/10.1073/pnas.1701535115

UnitedNaNons, 2015; Zarulli et al., 2018

A well-known story concerns the Donner Party, a group of settlers that lost twice as many men as women
when stranded for 6 mo in the extreme winter in the Sierra Nevada mountains (13). While accounts like this 

Women live longer than men in nearly all populations today.
Some research focuses on the biological origins of the female 
advantage; other research stresses the significance of social factors. 
We studied male–female survival differences in populations
of slaves and populations exposed to severe famines and epidemics. 
We find that even when mortality was very high, women lived longer 
on average than men. 
Most of the female advantage was due to differences in mortality 
among infants: baby girls were able to survive harsh conditions 
better than baby boys. 
These results support the view that the female survival advantage is 
modulated by a complex interaction of
biological environmental and social factors.



Population-wide Analyses of Disease in Men and Women

E. Heard, March 6th 2023

Sex-stratified differences found in this systematic analysis of all 
diseases and disease co occurrences in the Danish population 
using the ICD-10 and Global Burden of Disease terminologies



Population-wide Analyses of Disease in Men and Women

E. Heard, March 6th 2023
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Sexual Dimorphism and Human Health

Tricarico et al, Clin.. Cancer Res. 2020



Sex Differences in Biological Aging

E. Heard, March 6th 2023

Why do women live longer than men?
Are there sex differences in aging-related diseases?



Biological Sex and Gender – Example of Cardiovascular Disease

E. Heard, March 6th 2023

Cardiovascular disease (CVD) has been and continues to be the leading cause of death in women in most developed 
countries, with coronary heart disease (CHD) being the main contributor in both sexes

In Europe, CVD contributes to 49% of total mortality in women, but 
only to 38% in men.

Hypertension affects 30–50% of the adult populaNon, making it the 
most prevalent cardiovascular disorder. 

At the same Nme, it is also a strong risk factor for developing CHD, 
stroke, heart failure, chronic kidney disease, peripheral arterial 
disease, aorNc aneurysm, and atrial fibrillaNon. 
According to the latest systemaNc analysis for the Global Burden of 
Disease Study 2017, hypertension was idenNfied as the leading risk 
factor responsible for the largest number of total deaths.

1. Timmis A et al. 2022. European Society of Cardiology: cardiovascular disease sta>s>cs 2021. Eur Heart J. 43:716–99. doi: 10.1093/eurheartj/ehab892
2. Yusuf S et al. 2004 Effect of poten>ally modifiable risk factors associated with myocardial infarc>on in 52 countries (the INTERHEART study): case-control study. Lancet. 364:937–52. 
doi: 10.1016/S0140-6736(04)17018-9
3. Rapsomaniki E, et al. 2014. Blood pressure and incidence of twelve cardiovascular diseases: life>me risks, healthy life-years lost, and age-specific associa>ons in 1·25 million people. 
Lancet. 383:1899–911. doi: 10.1016/S0140-6736(14)60685-1
4. GBD 2017 Risk Factor Collaborators. Global, regional, and na>onal compara>ve risk assessment of 84 behavioural, environmental and occupa>onal, and metabolic risks or clusters of 
risks for 195 countries and territories, 1990-2017: a systema>c analysis for the Global Burden of Disease Study 2017. Lancet. (2018) 392:1923–94. doi: 10.1016/S0140-6736(18)32225-6



Biological Sex and Gender – Example of Cardiovascular Disease

E. Heard, March 6th 2023

• Sex-related and gender-related factors often have opposite effects
on the clinical manifestations and outcomes of cardiovascular disease.
• Some sex-related differences in the human cardiovascular system
already exist at birth and are due to purely biological mechanisms,
that is, genes and sex hormones.
• Gender-related variables or scores allow for the characterization of
individuals beyond their biological sex, and the effects of gender might
even oppose the effects of biological sex on clinical outcomes.
• The predominantly male leadership and workforce in clinical
cardiology is a disadvantage for women as patients.
• Cardiovascular disease risk factors related to female biological sex
or feminine gender include, among others, pregnancy complications,
breast cancer therapy, autoimmune and rheumatic diseases,
depression, and household-related stress.
• Despite a more favourable biology, gender-related factors impair
outcomes in women with coronary artery disease or heart failure
compared with those in men.

Despite the growing evidence of importance of gender and 
biological sex in heart diseases, the distinct contributions of 
biological sex and the sociocultural dimension of gender to the 
manifestations and outcomes of ischaemic heart disease and 
heart failure remain unknown. 

Disentangling sex-based differences in genetic and hormonal 
mechanisms with the complex dimension of gender and its 
different components and determinants that result in different 
disease phenotypes is challenging. The relative contribution of 
purely biological factors, such as genes and hormones, to 
cardiovascular phenotypes and outcomes is not yet understood.

Increasing awareness of the effects of gender has led to efforts 
to measure gender in retrospective and prospective clinical 
studies and the development of gender scores. However, the 
synergistic or opposing effects of sex and gender on 
cardiovascular traits and on ischaemic heart disease and heart 
failure mechanisms have not yet been systematically described. 

Furthermore, specific considerations of sex-related and gender-
related factors in gender dysphoria or in heart– brain 
interactions and their association with cardiovascular disease 
are still lacking

Regitz-Zagrosek and Gebhard, Nature Reviews Cardiology, 2022

NEXT WEEK (COURS II) : The Arnold laboratory pioneered the 
development of mouse models capable of studying 
differenNal effects of XX and XY genomes independently of 
gonadal effects, examined sex differences in the biology of 
cardiovascular risk factors. The sex chromosome complement 
affects bodyweight and adiposity, independent of hormones 
and someNmes in opposiNon to gonadal sex. These results 
support the need for study of hormones and sex 
chromosome genes as separate components of biological sex, 
as independent targets for future therapies.
Arnold AP, Cassis LA, Eghbali M, Reue K, Sandberg K: Sex hormones and sex chromosomes cause sex 
differences in the development of cardiovascular diseases. Arterioscler Thromb Vasc Biol 2017, 37:746-756.

The geneNc and hormonal differences between females and 
allow for the female cardiovascular system to adapt to 

changes necessary to sustain a viable foetus, including increases 
in blood volume, autonomic regulaNon of blood pressure, and 
cardiac dynamics, i.e. general cardiovascular funcNon. Given 
these basic geneNc and hormonal influences on all cells of the 
cardiovascular system including vascular endothelium, vascular 



Sex and gender: modifiers of health, disease, and medicine
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Striking sex-based differences in the epidemiology, clinical manifestations, course, and therapy of disease have 
been acknowledged for years. Although very few of these differences are understood in molecular or cellular 
terms, the explanations must derive from the fundamental biologic differences between the sexes.

Males and females have different patterns of illness and different life spans, raising questions about the 
relative roles of biology and environment in these disparities. 

Dissimilar exposures, susceptibilities, and responses to initiating agents and differences in energy storage and 
metabolism result in variable responses to pharmacological agents and the initiation and manifestation of 
diseases such as obesity, autoimmune disorders, and coronary heart disease, to name a few. 

Understanding the bases of these sex-based differences is important to developing new approaches to 
prevention, diagnosis, and treatment.

Monitor sex differences and similarities for all human diseases that affect both sexes.

Investigators should
• consider sex as a biological variable in all biomedical and health- related research; and
• design studies that will
–control for exposure, susceptibility, metabolism, physiology (cycles), and immune response variables;
–consider how ethical concerns (e.g., risk of fetal injury) constrain study designs and affect outcomes; and
–detect sex differences across the life span.



Sex and gender: modifiers of health, disease, and medicine
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What clinicians know about the diagnosis, treatment, and prevenZon of disease originates from studies mostly done on 
male cells, male mice, and men.

Historically, for mulZple reasons, including the purported safety of women and their offspring, women of childbearing age 
were excluded from clinical trials. As a result, medical research and care have been centred on male physiology.

The assumpZon was that male and female cells and animals were biologically idenZcal, and evidence-based medicine was 
defined by clinical trials done predominantly in men.

In 1993, the US NaZonal InsZtutes of Health (NIH) mandated the inclusion of women in NIH-funded clinical trials, but many 
invesZgators did not follow this mandate, and many of those who did include women did not analyse the results by sex, 
minimising the effecZveness of this policy. 

Preclinical research and drug development studies have also predominantly used male animal models and cells.  It is not 
surprising that a 2001 US Government Accountability Office report found that eight of the ten prescripZon drugs withdrawn 
from the market between 1997 and 2000 “posed greater health risks for women than for men”. Most funding agencies from 
Europe and North America have implemented policies to support and mandate researchers to consider sex and gender at all 
levels of medical research.

SZll, the field of sex-based biology and medicine is ojen viewed as a specialised area of interest, rather than a central 
consideraZon in medical research. EssenZal for the success of clinical care and translaZonal science is awareness by 
clinicians and researchers that the diseases they are treaZng and studying are characterised by differences between women 
and men in epidemiology, pathophysiology, clinical manifestaZons, psychological effects, disease progression, and response 
to treatment.
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Cours II

Biais liés au sexe : comment distinguer les effets dus aux 
chromosomes sexuels, hormones ou mode de vie ?

Next Week

13 mars, 2023 


